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Radix Astragali (RA) with slight sweet and warm property is a significant “qi tonifying” herb; it is indicated for the syndrome
of dampness stagnancy due to spleen deficiency (DSSD). The purpose of this research was to explore effects of RA and its split
components on gene expression profiles related to water metabolism in rats with the DSSD syndrome for identifying components
representing property and flavor of RA. The results indicated that RA and its split components, especially polysaccharides
component, significantly increased the body weight and the urine volume and decreased the water load index of model rats.
Our data also indicated differentially expressed genes (DEGs) related to water metabolism involved secretion, ion transport, water
homeostasis, regulation of body fluid levels, and water channel activity; the expression of AQP1, AQP3, AQP4, AQP5, AQP6, and
AQP8 was improved; calcium, cAMP,MAPK, PPAR, AMPK, and PI3K-Akt signaling pathwaymay be related to water metabolism.
In general, results indicate that RA and its split components could promote water metabolism in rats with the DSSD syndrome
via regulating the expression of AQPs, which reflected sweet-warm properties of RA. Effects of the polysaccharides component are
better than others.

1. Introduction

In traditional Chinese medicine (TCM), Chinese herbal
medicines have four properties and five flavors, and various
properties and flavors of herbs exert different effects. The
action of a herbal medicine is always not one but many
[1]. The property and flavor theory is a guideline for using
the herbal medicines. The property of a Chinese medicinal
herb affects material and energy metabolism. In addition, the
material basis of the property and flavor of a herbal medicine
can be split [2]. So far, however, there has been little scientific
connotation of this theory based on the research, and we
could not clearly explain itsmechanismof property andflavor
withmodernmedical theory. In this study, we tried to explore

split components representing property and flavor of RA
through studying effects of RA and its split components on
gene expression profiles related to water metabolism in rats
with the DSSD syndrome based on the property and flavor
theory.

RA with slightly sweet flavor and warm property, known
as Huang Qi in China, is one of the important “qi toni-
fying” or adaptogenic herbs. It possesses tonic, diuretic,
and hepatoprotective properties and has been shown to
exhibit immunomodulating, antioxidant, and antihyper-
glycemic effects [3–5]. The main components of RA include
flavonoids, saponins, polysaccharides, amino acids, and some
trance elements [4].The China Pharmacopoeia recorded that
RA affects the spleen and lungmeridians and has the function
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of tonifying spleen qi [6]. It is indicated for symptoms of
spleen qi deficiency such as fatigue, diarrhea, anemia, and loss
of appetite [5].

Spleen governs dampness in the TCM theory. Spleen is
the hub of water metabolism [7]. Water and cereal essence
were digested, absorbed, and transported with the action of
spleen qi. TCM holds the truth that the fat food, overfatigue,
excessive thinking, and innateweakness of the body for a long
time are the main causes of spleen qi deficiency. It has been
confirmed that spleen qi deficiency will result in stagnancy
of water and dampness [8, 9]. This is the pathogenesis of
the DSSD syndrome. The clinical manifestations of DSSD
include poor appetite, a bitter taste in the mouth, thick and
slimy tongue, abdominal fullness, a feeling of discomfort,
dizziness, weak or fatigued limbs, and frequently edema.
Therefore, tonifying spleen qi and promoting diuresis are
the main method for treating the DSSD syndrome. The
DSSD syndrome is very common. Many chronic diseases
such as obesity, ulcerative colitis, diabetes, and tumors may
be accompanied with the DSSD syndrome, which will make
disease recurrent and persistent [10–12]. However, there is no
notion about the DSSD syndrome in modern medicine and
there are no good treatments.

The effects of Chinese medicinal herbs on the syndrome
involve multiple channels and targets because they contain
complicated ingredients. The gene chip technology has a
characteristic of high throughput, which can be used to
analyze the complexity of herbs [13–16]. Therefore, in this
study, we extracted the components of RA and observed
effects of single components on water metabolism in rats
with the DSSD syndrome to explore the mechanism and
identify the bioactive components representing sweet-warm
properties of RAusing pharmacological experiment and gene
chip technology.

2. Materials and Methods

2.1. Materials. RA (number 130107), the dried root of Astra-
galus membranaceus (Fisch.) Bge. var. mongholicus (Bge.)
Hsiao, was purchased from Gansu province of China. Rat
Gene Expression Microarray (8 × 60K, design ID: 028279),
Gene Expression Hybridization Kit, the Quick Amp Label-
ing Kit, One-Color, Gene Chip Hybridization Oven, and
Microarray Scanner were provided by Agilent Technologies
Co., Ltd. (Shanghai, China); mirVana� RNA Isolation Kit
and 7500 Fast Dx Real-Time PCR Instrument were obtained
from Applied Biosystems (Foster City, CA, USA); RNeasy
Mini Kit was obtained from Qiagen Co., Ltd. (Hilden,
Germany).

2.2. Animal. Fifty-six specific-pathogen-free (SPF), 4-week-
old Wistar rats (half male and half female), weighing 150 ±
10 g, were purchased from Beijing Vital River Laboratory
Animal Technology Co. Ltd. (Beijing, China). The animal
certification number was SCXK (Jing) 2012-0001.

2.3. Animal Model. Rats were acclimated for 3 days in our
animal facility and then randomly divided into 7 groups,

a normal control group, a model group, a water decoction
group, a flavonoids group, a saponins group, a polysaccha-
rides group, and a residual aqueous solution group, with 8 rats
in each group.Model rats withDSSDwere induced according
to the relevant reference [17]. Rats of themodel group and the
drug group were fed a special high-fat and low-protein diet
improved from the AIN-76A purified rat diet and subjected
to exhaustive swimming with tail load (10% of the body
weight) every afternoon for 6 weeks. Rats were considered
to be exhausted when their nose tip was submerged in water
for 10 s. Rats of the normal control group were fed AIN-76A
purified rat diet and distilled water.

2.4. Preparation of RA and Its Split Components

2.4.1. Extracts of RA and Its Split Components. RA was
decocted and concentrated to 0.54 g (crude drug)/mL.
RA was treated through water boiling and precipitation
with ethanol. The precipitate was polysaccharides. The
supernatant was extracted by ethyl acetate and n-
butyl alcohol. Flavonoids and saponins were obtained,
respectively. Flavonoids contained calycosin glycosides,
4.88mg⋅g−1, ononin, 3.80mg⋅g−1, calycosin, 7.78mg⋅g−1,
and formononetin, 4.79mg⋅g−1. Saponins contained
astragaloside, 4.40mg⋅g−1, astragalus saponin I, 0.28mg⋅g−1,
astragalus saponin II, 1.42mg⋅g−1, and astragalus saponin III,
1.31mg⋅g−1. Polysaccharides component was 402.2mg⋅g−1
crude polysaccharides.

2.4.2. Verification of Overlap among RA Split Components.
The identification of overlap among RA split components
was processed through similarity evaluation system for
chromatographic fingerprint of TCM (Version 2012) with
flavonoids as the control sample and principal component
analysis using high-performance liquid chromatography-
diode array detection (HPLC-DAD) data.

2.5. Experimental Protocol. After establishment of model
rats, RA and its split components were administrated to
rats. The dosage was determined from the product of high-
est daily dose (60 g/70 kg) of the Chinese Pharmacopoeia
(2010 edition) and the equivalent dose coefficient. RA water
decoction was given 5.40 g⋅kg−1⋅d−1. The dosage of the split
components was the same as the content in the 5.40 g crude
RA, such as the flavonoids component, 0.07 g⋅kg−1⋅d−1, the
saponins component, 0.27 g⋅kg−1⋅d−1, the polysaccharides
component, 1.41 g⋅kg−1⋅d−1, and the residual aqueous solu-
tion, 1.32 g⋅kg−1⋅d−1.The normal control group and themodel
groupwere given equal amounts of normal saline.Drugswere
administered by gavage once a day for 14 days, 1mL/100 g.
After the last administration, rats were decapitated with their
duodenum tissues separated at 4∘C and put into liquefied
nitrogen for storage.

2.6. Measurement of the Body Weight. After the last adminis-
tration, the body weight of rats in each group was measured
by electronic balance.
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Table 1: The primers of selected genes for qRT-PCR.

GenBank accession number Gene symbol Forward primer (5󸀠-3󸀠) Reverse primer (5󸀠-3󸀠)
NM_012779 AQP5 CACACCAGAAAGGGACGACA TCCGTGAGCCATCTATCCCT
NM_053844 Tff2 GATCTTCGAAGTGCCCTGGT ACCCCAGAGATCGACACAGT
NM_017008 GAPDH CAGGGCTGCCTTCTCTTGTG TGGTGATGGGTTTCCCGTTG

2.7. Measurement of the Water Load Index and the Urine
Volume. Thebodyweight of rats was detected after fasting for
12 hours, as a control value. Then rats were intraperitoneally
injected with normal saline in the volume equal to 10% of
the body weight. After that, rats were put into the metabolic
cage, and the body weight was measured after 0, 1, 2, 4, and 6
hours. During this time, food and water were banned. Urine
in 6 hours was collected. Ratio of the body weight loss (%) =
(the body weight after water load − body weight before water
load)/body weight before water load × 100. Water load chart
between ratio of the body weight loss and time was drawn
using origin 9.0; water load index was area under the curve of
6-hour water load.

2.8. Statistical Analysis. SPSS 21.0 was used for statistical
analysis. The values for the body weight, water load index,
and urine volume were all presented as the mean ± standard
deviation (±SD). Differences between groups were tested
by one-way ANOVA followed by LSD method to test for
difference between the mean values of all groups. 𝑃 < 0.05
was considered statistically significant. The area under the
curve of 6-hour water load was calculated using Origin 9.0.

2.9. Gene Chip Analysis. Total RNA was extracted using
mirVana RNA Isolation Kit and purified with RNeasy Mini
Kit according to the manufacturers’ instructions. Quality
and concentration of RNA were checked by ND-2000 spec-
trophotometer. Equal amount of purified RNA from three
different samples was mixed. Samples were hybridized sepa-
rately into seven Agilent Rat Gene Expression Microarrays.
200 ng total RNA was used to synthesize double-stranded
cDNA and then to produce biotin-tagged cRNA using the
Quick Amp Labeling Kit, One-Color.The cRNAwas purified
by the RNeasy Mini Kit. The labeled cRNA samples were
fragmented for 30min at 60∘C in the dark. The fragmented
cRNAwas hybridized toAgilent 8× 60KRatGeneExpression
Microarray. Hybridization was performed using the Agilent
Gene Expression Hybridization Kit at 65∘C with rotation
for 17 hours on an Agilent Gene Chip Hybridization Oven.
The gene chips were washed followed by scanning with an
Agilent Microarray Scanner. The images were converted into
gene expression data by Agilent Feature Extraction software
(version 10.7.1.1).

2.10. Functional and Pathway Enrichment Analysis of DEGs.
Raw data obtained from gene chip test were imported into
Agilent GeneSpring software (version 12.5) and normalized
using quantile algorithm. The normalized values were com-
pared between the model group and the normal control
group and between treatment groups and the model group.

The DEGs were screened using criterion of more than or
less than 2-fold change. DAVID (https://david.ncifcrf.gov/)
is an online program that provides a set of high-throughput
gene functional annotation to understand the biological
meaning behind plenty of genes [18]. To gain insight into
the potential functional consequences and pathway changes
induced by RA and its split components, GO and KEGG
pathway enrichment analysis of DEGs were performed using
DAVID database. The significant enrichment was defined as
𝑃 < 0.05.

2.11. Quantitative Real-Time PCR Analysis. Two-step quanti-
tative real-time PCR (qRT-PCR) was performed to confirm
gene chip results according toAppliedBiosystems’ guidelines.
Two candidate genes were chosen for qRT-PCR according to
the expression ratio in each group. The primers of candidate
genes were designed using Primer Premier 5.0 software.
Sequences of oligonucleotide primer pairs for selected genes
were shown in Table 1. Amplification conditions were 95∘C
for 30 s, followed by 40 cycles of 95∘C for 3 s, 60∘C for 30 s,
and 60∘C for 30 s.Melting curve analysiswas performed at the
end of each PCR reaction to confirm if a single PCR product
was detected. The housekeeping gene, glyceraldehyde-3-
phosphate dehydrogenase (GAPDH), was used to normalize
quantification of the mRNA targets. All the reactions were
performed in triplicate. The 2−ΔΔCt method was used to
calculate the relative gene expression levels.

3. Results

3.1. Identification of Overlap among RA Split Compo-
nents. Four main components, polysaccharides, flavonoids,
saponins, and residual aqueous solution constituents, were
extracted from RA. The results of fingerprint showed that
overlap among the four components was very low, which
totally meets the requirement for experimental standard
(Figure 1(a)). HPLC-DAD data was imported into SIMCA-P
to process multivariate statistical analysis. Two-dimensional
distribution of four split components is shown in Figure 1(b),
which also indicated that the overlap was very low.

3.2. Comparisons of the Body Weight. Compared with the
model group, the body weights of rats in the RA decoction
group and split components groups were higher than that in
the model group (𝑃 < 0.05 and 𝑃 < 0.01, Figure 2(a)).

3.3. Comparisons of the Water Load Index and the Urine
Volume. Thewater load index in RA and its split components
groups was decreased, and the urine volume was increased
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Figure 1: Verification of overlap among RA split components. (a) Fingerprint with flavonoids as control sample. (b) Scatter plot of principal
components analysis using HPLC-DAD data. S1, 1: polysaccharides component; S2, 2: flavonoids component; S3, 3: saponins component; and
S4, 4: residual aqueous solution.

compared with the model group (𝑃 < 0.05 and 𝑃 < 0.01,
Figures 2(b) and 2(c)).

3.4. Identification of DEGs. A total of 1275 DEGs were
identified from datasets comparing the model group with the
normal control group. Compared with the model group, the
number of DEGs of the RA decoction group, the flavonoids
group, the saponins group, the polysaccharides group, and the
residual aqueous solution group was, respectively, 688, 1204,
1361, 3181, and 2419.

3.5. Functional Enrichment Analysis of DEGs and Genes
Related to the Water Metabolism. To gain further insight
into the function of DEGs, functional and pathway enrich-
ment analysis was performed using DAVID. GO enrich-
ment analysis’ results showed that DEGs related to water
metabolism in the model group were significantly enriched
in secretion, ion transport, and regulation of body fluid
levels (Table 2). Functional terms enriched by DEGs of
RA decoction group were mainly involved in secretion,
cellular homeostasis, and regulation of body fluid levels.
The flavonoids group’s DEGs were enriched in secretion,
water homeostasis, and water channel activity, the saponins
group’s DEGs were enriched in ion transport, cellular water
homeostasis, andwater transport, the polysaccharides group’s
DEGs were enriched in ion transport, secretion, regulation
of body fluid levels, and cellular homeostasis, and the
residual aqueous solution group’s DEGs were enriched in
ion transport, secretion, and cellular homeostasis (Table 2).
Studies reported that aquaporins (AQPs) were the most
important molecular targets of the DSSD syndrome [10,
19]. As shown in Table 3, the study identified AQPs from
DEGs including AQP1, AQP3, AQP4, AQP5, AQP6, and
AQP8.

3.6. KEGG Pathway Enrichment Analysis of DEGs. Table 4
showed significantly enriched pathways of DEGs through
KEGG enriched analysis. DEGs of the model group were
enriched in neuroactive ligand-receptor interaction and cal-
cium signaling pathway compared with the normal control
group. Compared with the model group, the RA decoction
group’s DEGs were enriched in cytokine-cytokine receptor
interaction, the flavonoids group’s DEGs were enriched in
cAMP and calcium signaling pathway, the saponins group’s
DEGs were enriched in PPAR signaling pathway, the polysac-
charides group’s DEGs were enriched in MAPK, cAMP,
and PI3K-Akt signaling pathway, and the residual aqueous
solution group’s DEGs were enriched in PPAR, calcium, and
AMPK signaling pathway.

3.7. Results of Quantitative Real-Time PCR. To confirm gene
chip results, qRT-PCR was performed on candidate genes
and revealed parallel patterns of gene expression. As shown
in Figure 3, the relative expression levels of AQP5 and Tff2
mRNA were in accord with the results of gene chip analysis.

4. Discussion

In this study, results showed that RA decoction and its
split components increased the body weight of rats with
the DSSD syndrome, decreased the water load index, and
increased the urine volume in different degree, especially the
polysaccharides component. The pharmacodynamic study
indicated that RA and its split components could regulate the
water metabolism of rats and have sweet-warm property.

The TCM theory emphasizes that spleen qi promotes
water transport. The intestine is a main part regulating water
absorption and secretion.Water transport across the intestine
is important for maintaining body water homeostasis and



Evidence-Based Complementary and Alternative Medicine 5

G1 G2 G3 G4 G5 G6 G7

400

350

300

250

200

150

100

50

0

Bo
dy

 w
ei

gh
t (

g)

∗∗
∗∗# ∗∗## ∗∗# ∗∗#

∗∗#

(a)
G1 G2 G3 G4 G5 G6 G7

∗∗

##
##

#
#

#

W
at

er
 lo

ad
 in

de
x

50

40

30

20

10

0

(b)

G1 G2 G3 G4 G5 G6 G7

∗∗

∗# ∗#
∗#

##

##

U
rin

e v
ol

um
e (

m
L)

6

5

4

3

2

1

0

(c)

Figure 2: Effects of RA and its split components on the body weight, the water load index, and the urine volume of rats (a–c). G1: normal
control group, G2: model group, G3: RA decoction group, G4: flavonoids group, G5: saponins group, G6: polysaccharides group, and G7:
residual aqueous solution group. ∗𝑃 < 0.05 and ∗∗𝑃 < 0.01, compared with the normal control group; #𝑃 < 0.05 and ##

𝑃 < 0.01, compared
with the model group; 𝑛 = 8 in each group. Groups in this figure are the same as those in Table 2, Table 3, Table 4, and Figure 3.

ensures digestive and absorptive functions [20]. Therefore,
the intestine is the main organ for studying the mechanism
of DSSD. The importance of aquaporins (AQPs), transmem-
brane water channel proteins, in the gastrointestinal tract
appears to be immediately evident [20]. The function of
AQPs in the gastrointestinal gut may be involved in water
transfer, secretion of water and fluid, and absorption of water
and even small solutes through epithelium [21–23]. Until
now, at least 11 AQPs (AQP1–11) have been found to be
present in the whole gut [24]. Researches pointed that AQPs
in the gastrointestinal tract are the molecular basis of the
spleen governing dampness [19]. Studies also showed that the
expression of AQPs changed in the gastrointestinal tract of
rats with theDSSD syndrome, includingAQP1, AQP2, AQP3,
and AQP4 [20, 25, 26]. However, these researches were based
upon a single gene or protein andhave littlemechanism study.

In the present study, we screened out DEGs of the
duodenum using the gene chip technology and performed
functional and KEGG pathway enrichment analysis. Table 3
showed that GO terms related to watermetabolism contained
secretion, ion transport, regulation of body fluid levels,

water homeostasis, and water transport. Results of the GO
enrichment analysis indicated that water metabolism in the
body with the DSSD syndrome was disordered. The results
showed that the expression of AQP1, AQP3, AQP4, AQP5,
AQP6, and AQP8 was changed in model rats; RA and its
split components could reverse these changes. AQP1 is widely
distributed at the capillary endothelium of the mucosa and
submucosa, and that indicates a main role of AQP1 in the
passage of water between the gastrointestinal mucosa and
bloodstream [24, 27, 28]. AQP1 is also located in endothelial
cells of central lacteals in the villi of the small intestine
[29]. AQP3 is expressed at the basolateral membrane of
epithelial cells at villous tip and could mediate permeation
of glycerol and some small neutral solutes as well as water;
it serves in water reabsorption [30]. AQP4 is present in the
basolateral membrane of the crypt cells located at the bottom
of the crypt [31]. In addition to AQP5 expression, AQP5
is located at the apical and lateral membranes of Brunner’s
gland in the duodenum, where it involves a water secretion
mechanism [32–34]. Earlier studies have demonstrated that
AQP6 is present along the rat small intestine, in addition
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Table 2: Functional enrichment analysis of DEGs related to water metabolism.

Group Term Description Count 𝑃 value

G2 versus G1

GO:0046903 Secretion 55 5.54𝐸 − 04

GO:0006811 Ion transport 65 1.62𝐸 − 03

GO:0019725 Cellular homeostasis 41 7.85𝐸 − 03

GO:0050878 Regulation of body fluid levels 20 1.92𝐸 − 02

G3 versus G2

GO:0046903 Secretion 40 5.93𝐸 − 05

GO:0019725 Cellular homeostasis 29 2.62𝐸 − 03

GO:0006811 Ion transport 38 1.92𝐸 − 02

GO:0050878 Regulation of body fluid levels 13 3.64𝐸 − 02

G4 versus G2

GO:0046903 Secretion 72 1.83𝐸 − 07

GO:0006811 Ion transport 85 5.64𝐸 − 07

GO:0051046 Regulation of secretion 54 8.29𝐸 − 07

GO:0048878 Chemical homeostasis 66 1.35𝐸 − 05

GO:0050878 Regulation of body fluid levels 30 2.36𝐸 − 05

GO:0030104 Water homeostasis 8 2.94𝐸 − 03

GO:0042044 Fluid transport 5 1.47𝐸 − 02

GO:0015250 Water channel activity 4 1.02𝐸 − 02

G5 versus G2

GO:0006811 Ion transport 82 2.64𝐸 − 05

GO:0009992 Cellular water homeostasis 4 1.03𝐸 − 02

GO:0042044 Fluid transport 5 1.75𝐸 − 02

GO:0006833 Water transport 4 3.40𝐸 − 02

GO:0015250 Water channel activity 4 1.27𝐸 − 02

G6 versus G2

GO:0006811 Ion transport 208 1.53𝐸 − 09

GO:0046903 Secretion 154 3.76𝐸 − 06

GO:0050878 Regulation of body fluid levels 59 1.33𝐸 − 04

GO:0019725 Cellular homeostasis 117 2.65𝐸 − 04

GO:0006884 Cell volume homeostasis 8 1.61𝐸 − 02

GO:0007589 Body fluid secretion 19 3.35𝐸 − 02

GO:0005216 Ion channel activity 48 3.78𝐸 − 02

G7 versus G2

GO:0006811 Ion transport 183 5.84𝐸 − 12

GO:0046903 Secretion 139 1.00𝐸 − 08

GO:0050878 Regulation of body fluid levels 56 1.51𝐸 − 06

GO:0019725 Cellular homeostasis 104 8.78𝐸 − 06

GO:0030104 Water homeostasis 13 1.09𝐸 − 03

GO:0015267 Channel activity 50 3.24𝐸 − 03

GO:0050891 Multicellular organismal water homeostasis 9 1.92𝐸 − 02

Table 3: Expression of AQPs in each group.

GenBank accession
number Gene symbol

FC
(G2 versus

G1)

FC
(G3 versus

G2)

FC
(G4 versus

G2)

FC
(G5 versus

G2)

FC
(G6 versus

G2)

FC
(G7
versus
G2)

NM_012778 AQP1 — — 2.08 — 4.90 4.53
NM_031703 AQP3 — — — −2.95 — —
NM_001142366 AQP4 — — — 3.01 — —
NM_012779 AQP5 −5.41 21.06 144.07 — 504.90 429.01
NM_022181 AQP6 — — 2.03 — — —
NM_019158 AQP8 — −2.19 — −6.14 −2.07 −6.30
Note: FC: fold change; —: no changes of gene expression.
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Figure 3: Fold change (FC) obtained using qRT-PCR revealed
parallel patterns of gene expression found with gene chip analysis.
Fold expression change with a positive sign indicates upregulation
of the gene, whereas downregulation is represented by a negative
sign. FC based on the results obtained with qRT-PCR or gene chip
analysis. FC: relative gene expression level. log

2
FC is the vertical

coordinate. All groups were compared with the model group.

to direct involvement in the absorption of water and anions
[35]. AQP8 is present in absorptive epithelial cells but it
does not play a major role in intestinal transcellular water
transfer. In the intestine, watermetabolismmay involve water
and fluid secretion and absorption. Therefore, the results
suggested that RA and its split components could change the
expression of AQPs mediated water secretion or absorption
of the duodenum to improve dampness stagnancy. The split
components had the most influence on AQP5 expression,
especially the polysaccharides component.

The secretion and absorption of transepithelial fluids are
closely related to intestine physiology by maintaining water
and electrolyte balance [24, 35].The balance of intestine fluid
movement has been reported to be regulated by complicated
factors, including gut hormones, intestinal contents, inflam-
matory factors, and feed conditions [33]. These regulations
may affect alterations of AQPs expression and distribution,
which may account for the changes of water transport in the
gut [22, 36]. In this study, KEGG pathway analysis indicated
that the regulatory mechanism of water transport may be
involved in MAPK, PPAR, cAMP, PI3K-Akt, and calcium
signaling pathway. KEGG enrichment analysis also showed
that DEGs were enriched in cytokine-cytokine receptor
interaction in the model group, the saponins group, and
the polysaccharides group and neuroactive ligand-receptor
interaction in the residual aqueous solution group. Although
these pathway enrichment 𝑃 values were not significant,
they had an important meaning in the biological function.
It indicated that RA and its split components produced
efficacy through multitargets and multipathways. Therefore,
we inferred that RA and its split components regulated the
level of the cytokine, gastrointestinal hormone, which trig-
geredMAPK, PPAR, cAMP, calcium, and PI3K-Akt signaling
pathway and then activated downstream molecules, finally

regulating transcription of a series of target genes including
AQPs.

In conclusion, RA and its split components could regulate
AQPs via multipathway to promote water metabolism of
rats with the DSSD syndrome, which indicated the sweet-
warm properties of RA.The polysaccharides component had
better effects among the split components. Further study was
needed for the detail of the regulative mechanism.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

Acknowledgments

This research was supported by the National Basic Research
Program of China (973 Program, 2013CB531803), National
Natural Science Foundation of China (81673852 and
81603419), the Shandong Provincial Natural Science Foun-
dation of China (ZR2016HM66), and Key Technological
Innovation Project of Key Industries in Shandong Province
(2016CYJS08A01-3 and 2016CYJS08A01-4).

References

[1] R. Jin and B. Zhang, “Analysis on complex charateristics of
traditional Chinese medicine property theory,” China Journal
of Chinese Materia Medica, vol. 37, no. 21, pp. 3340–3343, 2012.

[2] H.-X. Kuang, Y.-H. Wang, Q.-H. Wang, B.-Y. Yang, and W.
Cheng, “A research model on the theory of TCM property and
flavor based on TCM splittability and combinativeness,”World
Science and Technology-Modernization of Traditional Chinese
Medicine and Materia Medica, vol. 13, no. 01, pp. 25–29, 2011.

[3] J. Gao, Z. J. Liu, T. Chen, and D. Zhao, “Pharmaceutical
properties of calycosin, the major bioactive isoflavonoid in the
dry root extract of Radix astragali,” Pharmaceutical Biology, vol.
52, no. 9, pp. 1217–1222, 2014.

[4] J. Fu, Z. H. Wang, L. F. Huang et al., “Review of the botanical
characteristics, phytochemistry, and pharmacology of Astra-
galusmembranaceus (Huangqi),”Phytotherapy Research, vol. 28,
no. 9, pp. 1275–1283, 2014.

[5] “Astragalus membranaceus. Monograph,” Alternative Medicine
Review, vol. 8, no. 1, pp. 72–77, 2003.

[6] S. Sinclair, “Chinese herbs: a clinical review of Astragalus,
Ligusticum, and Schizandrae,”AlternativeMedicine Review, vol.
3, no. 5, pp. 338–344, 1998.

[7] Q.-L. Ye, “On spleen governing transformation of damp-
ness,” Chinese Journal of Basic Medicine in Traditional Chinese
Medicine, vol. 10, no. 11, pp. 11–13, 2004.

[8] L.-C. Li and Z.-Z. Lu, “Epidemiological investigation of damp-
ness,” Journal of Traditional ChineseMedicine, vol. 33, no. 06, pp.
44-45, 1992.

[9] F.-M. Zhou, X. Shao, and L.-J. Fu, “Relationship between spleen-
stomach and preventive treatment of diseases from damp-
ness accumulation,” Shanghai Journal of Traditional Chinese
Medicine, vol. 50, no. 9, pp. 40-41, 2016.

[10] Z.-H. Li, J. Wang, R.-L. Cai, J. Sun, and M.-G. Ye, “Effect of
shenlin baizhu powder on expression of AQP4 in ulcerative
colitis rats with syndrome of dampness stagnancy due to spleen



10 Evidence-Based Complementary and Alternative Medicine

deficiency,”World Chinese Journal of Digestology, vol. 22, no. 12,
pp. 1688–1693, 2014.

[11] Y.-P. Han, Y. Li, G. Yang, and L.-S. Wang, “Efficacy observation
of electro-acupuncture on sumple obesity of femal patients with
spleen dysfunction anddampness syndrome,” Journal of Clinical
Acupuncture and Moxibustion, vol. 31, no. 6, 2015.

[12] B.-H. Li, J.-Y.Miao, andW.-J. Lu, “Famous veteran doctor of tcm
chen jiali’s experience on the treatment of damp obstruction by
syndrome differentiation,” Journal of ClinicalMedical, vol. 2, no.
10, pp. 1992-1993, 2015.

[13] B. X. Zhang, Y. W. Li, Y. L. Zhang et al., “ITPI: initial transcrip-
tion process-based identification method of bioactive compo-
nents in traditional Chinesemedicine formula,” Evidence-Based
Complementary and Alternative Medicine, vol. 2016, Article ID
8250323, 7 pages, 2016.

[14] M. Carles, T. Lee, S. Moganti et al., “Chips and Qi: micro-
component-based analysis in traditional Chinese medicine,”
Fresenius’ Journal of Analytical Chemistry, vol. 371, no. 2, pp.
190–194, 2001.

[15] X. Y. Qv, J. G. Jiang, and J. H. Piao, “Pharmacodynamic
studies of Chinese medicine at levels of whole animal, cell and
molecular models,”Current Medicinal Chemistry, vol. 17, no. 36,
pp. 4521–4537, 2010.

[16] S.-L. Chen and J.-G. Jiang, “Application of gene differential
expression technology in the mechanism studies of nature
product-derived drugs,” Expert Opinion on Biological Therapy,
vol. 12, no. 7, pp. 823–839, 2012.

[17] W. X. Zhao, N. Cui, X. M. Ji et al., “Effect of Astragalus and
split components on the serological index of the model rats
with dampness stagnancy due to spleen deficiency,” Lishizhen
Medicine and Materia Medica Research, vol. 26, no. 5, pp. 1077–
1079, 2015.

[18] G. Dennis Jr., B. T. Sherman, D. A. Hosack et al., “DAVID:
database for annotation, visualization, and integrated discov-
ery,” Genome Biology, vol. 4, no. 5, p. P3, 2003.

[19] Z.-H. Li, J. Wang, and R.-L. Cai, “Progress in research on
correlation between dampness disease and aquaporin,” Journal
of Chinese Integrative Medicine, vol. 9, no. 1, pp. 5–10, 2011.

[20] U. Laforenza, “Water channel proteins in the gastrointestinal
tract,” Molecular Aspects of Medicine, vol. 33, no. 5-6, pp. 642–
650, 2012.

[21] P. R. Kiela and F. K. Ghishan, “Physiology of intestinal
absorption and secretion,” Best Practice & Research: Clinical
Gastroenterology, vol. 30, no. 2, pp. 145–159, 2016.

[22] A. I. Masyuk, R. A. Marinelli, and N. F. LaRusso, “Water
transport by epithelia of the digestive tract,” Gastroenterology,
vol. 122, no. 2, pp. 545–562, 2002.

[23] T. Ma and A. S. Verkman, “Aquaporin water channels in
gastrointestinal physiology,” Journal of Physiology, vol. 517, no.
2, pp. 317–326, 1999.

[24] C. Zhu, Z. Chen, andZ. Jiang, “Expression, distribution and role
of aquaporin water channels in human and animal stomach and
intestines,” International Journal of Molecular Sciences, vol. 17,
no. 9, 2016.

[25] F. Wei, S. Xion-jie, L. Shui-qing, L. Yan-ju, C. Xiang-sheng, and
Y. Jian-kun, “Effects of Atractylodis Rhizoma before and after
being deep-fried on contents of aquaporin 2 and aquaporin 3
in model rats with syndrome of damp retention inmiddle-jiao,”
Chinese Journal of Experimental Traditional Medical Formulae,
vol. 22, no. 19, pp. 19–22, 2016.

[26] J. Peng, L.Wang, X.-S. Huang, andG. Chen, “A study on expres-
sional distribution of the pathological features of aquaporin
1 (AQP1) in a aminal model on the syndrome of dampness
incumberingmiddle energizer in gastrointestinal tissue and the
intervention by Pingwei Power,” Liaoning Journal of Traditional
Chinese Medicine, vol. 38, no. 12, pp. 2469-2472, 2514, 2011.

[27] A. Mobasheri and D. Marples, “Expression of the AQP-1
water channel in normal human tissues: a semiquantitative
study using tissue microarray technology,” American Journal of
Physiology: Cell Physiology, vol. 286, no. 3, pp. C529-C537, 2004.

[28] T.Matsuzaki, Y. Tajika, A. Ablimit, T. Aoki, H. Hagiwara, and K.
Takata, “Aquaporins in the digestive system,” Medical Electron
Microscopy, vol. 37, no. 2, pp. 71–80, 2004.

[29] T. Ma, S. Jayaraman, K. S. Wang et al., “Defective dietary
fat processing in transgenic mice lacking aquaporin-1 water
channels,” American Journal of Physiology: Cell Physiology, vol.
280, no. 1, pp. C126-C134, 2001.

[30] R. Ramı́rez-Lorca, M. L. Vizuete, J. L. Venero et al., “Localiza-
tion of aquaporin-3 mRNA and protein along the gastrointesti-
nal tract of Wistar rats,” Pflugers Archiv European Journal of
Physiology, vol. 438, no. 1, pp. 94–100, 1999.

[31] L. Jiang, J. Li, X. Liu, G. Burnstock, and Z. Xiang, “Expression of
aquaporin-4 water channels in the digestive tract of the guinea
pig,” Journal of Molecular Histology, vol. 45, no. 2, pp. 229–241,
2014.

[32] A. M. Collaco, R. L. Jakab, N. E. Hoekstra, K. A. Mitchell,
A. Brooks, and N. A. Ameen, “Regulated traffic of anion
transporters in mammalian Brunner’s glands: a role for water
and fluid transport,”American Journal of Physiology—Gastroin-
testinal and Liver Physiology, vol. 305, no. 3, pp. G258-G275,
2013.

[33] M. N. Parvin, S. Kurabuchi, K. Murdiastuti et al., “Subcellular
redistribution of AQP5 by vasoactive intestinal polypeptide in
the Brunner’s gland of the rat duodenum,” American Journal of
Physiology: Gastrointestinal and Liver Physiology, vol. 288, no. 6,
pp. G1283-G1291, 2005.

[34] M. N. Parvin, K. Tsumura, T. Akamatsu, N. Kanamori, and K.
Hosoi, “Expression and localization of AQP5 in the stomach
and duodenum of the rat,” Biochimica et Biophysica Acta -
Molecular Cell Research, vol. 1542, no. 1-3, pp. 116–124, 2002.

[35] U. Laforenza, G. Gastaldi, M. Polimeni et al., “Aquaporin-6 is
expressed along the rat gastrointestinal tract and upregulated
by feeding in the small intestine,” BMC Physiology, vol. 9, no. 1,
article 18, 2009.

[36] A. Madeira, T. F. Moura, and G. Soveral, “Detecting aquaporin
function and regulation,” Frontiers in Chemistry, vol. 4, article
3, 2016.


